Objective. Recent studies have suggested that prenatal exposure to HCQ reduces the risk of cardiac neonatal lupus. The aim of this study is to assess if maternal intake of antimalarials (AMs) throughout pregnancy lowered the risk of cardiac and non-cardiac neonatal lupus.
Introduction
Neonatal lupus erythematosus (NLE) is an autoimmune disease associated with the transplacental transfer of maternal anti-Ro, anti-La and/or anti-RNP antibodies. The most serious manifestation is cardiac NLE [1] . The reported prevalence of antibody-exposed pregnancies complicated by congenital heart block (CHB) is 12%, but increases to $17% in women with a previously affected child [24] . Most of the non-cardiac manifestations of NLE are benign and/or transient. Although the long-term outcome of non-cardiac NLE is very good, these manifestations lead to increased health care service utilization.
There are currently no therapies to prevent NLE. It had recently been suggested that prenatal exposure to HCQ reduced the risk of cardiac NLE, possibly through disruption of toll-like receptor (TLR) signalling [5, 6] . However, the effect of prenatal antimalarial (AM) exposure on the risk of NLE per se, specifically non-cardiac NLE, has not been studied. We hypothesized that prenatal AM exposure would lower the risk of cardiac but not non-cardiac NLE. The aims were to determine whether prenatal exposure to AMs decreased the risk of cardiac NLE and determine the effect of AM exposure on the risk of non-cardiac NLE.
Methods

Study population
A single-centre, retrospective cohort study was performed on children exposed to anti-Ro and/or anti-La antibodies seen consecutively at the NLE clinic of the Hospital for Sick Children of Toronto from 1 January 1984 to 1 October 2013. The NLE clinic database comprises a prospectively collected cohort of pregnant women with a CTD who were known to be positive for anti-Ro and/or anti-La antibodies. The state of care in the greater Toronto area, beginning in the early 1980s, was that the majority of pregnant women with a known CTD and anti-Ro and/or anti-La antibodies were referred to one physician and subsequently to our centre for regular foetal echocardiographic screening during pregnancy. After birth, children were seen in the NLE clinic, regardless of the presence or absence of NLE features, and every child had a standardized clinical (clinic visit at ages 2, 4 and 12 months and then every 2 years) and laboratory assessment (complete blood count, aspartate aminotransferase, alanine aminotransferase, bilirubin) and an ECG.
Inclusion criteria
The inclusion criteria were first child born to a woman positive for anti-Ro and/or anti-La antibodies documented during pregnancy or soon after delivery and with a diagnosis prior to conception of either SLE, cutaneous lupus, SS, RA or DM; the mother underwent foetal echocardiographic screening during her pregnancy and/or the child had a post-natal ECG; maternal medication intake during pregnancy was documented and the child was 56 months old as of 1 October 2013. Women in whom anti-Ro and/or anti-La antibodies or a CTD were diagnosed due to the identification of NLE in their offspring were excluded from this study.
Definitions
NLE was defined as either cutaneous involvement; cardiac involvement, including first-(only if documented postnatally), second-or third-degree heart block, cardiomyopathy and/or endocardial fibroelastosis; haematological involvement, including thrombocytopenia (<100 Â 10 9 /l), neutropenia (<1.0 Â 10 9 /l) and/or anaemia [haemolytic (haemoglobin <100 g/l with positive direct Coomb's test, elevated unconjugated bilirubin, lactate dehydrogenase and decreased haptoglobin) or aplastic (haemoglobin <100 g/l with bone marrow aspiration showing decreased red blood cell precursors)]; liver involvement, including elevation of liver enzymes (greater than the upper limit for age) with or without cholestasis (direct bilirubin greater than the upper limit for age) and isolated cholestasis; or neurological involvement, including macrocephaly or hydrocephalus. Non-cardiac NLE manifestations were considered as NLE features only if other underlying causes were absent, that is, infections, medicationinduced or haemodynamic disturbances. Unaffected children were those who did not develop any of these NLE features. The primary outcome, cardiac NLE, was defined as a child with one or more cardiac manifestation. The secondary outcome, non-cardiac NLE, was defined as a child with one or more non-cardiac manifestation. Children were considered exposed to AMs (HCQ 200400 mg/day or chloroquine 250 mg/day) and AZA (any dose) if their mother had documented intake of these medications throughout pregnancy. Prenatal exposure to non-fluorinated steroids was defined as any exposure during pregnancy. Prenatal exposure to fluorinated steroids and IVIG was also defined as any exposure, but the exposure had to occur before the development of NLE. The anti-Ro and anti-La antibody levels were treated as categorical variables (<50 or 550 U/ml), as high titres of these antibodies have been associated with an increased risk of cardiac NLE [7] .
Data collection
Eligible cases and controls were identified in our NLE and foetal cardiology databases, which contain prospectively collected data since 1984 and 1999, respectively. Information was extracted on mothers (age, CTD diagnosis, maternal level of anti-Ro and anti-La antibodies, medication intake throughout pregnancy and previously affected child with CHB) and their children (gender, year of birth, NLE status, intake of steroid and IVIG). Twin pregnancies were included but each twin set was analysed as one child to avoid confounding by within-family data correlation. Twin sets discordant for their NLE status were categorized as having NLE. The study was approved by the Hospital for Sick Children (REB1000037488) and Mount Sinai Hospital (REB12-0261-C) Ethics Boards. A waiver of consent was granted for this study.
Statistical analysis
Univariable and multivariable logistic regression were used to study the association between prenatal use of AMs and NLE. The multivariable model examining the association between prenatal use of AMs and cardiac NLE included the following variables: exposure to AMs, anti-Ro antibody 550 U/ml, anti-La antibody 550 U/ml, maternal age and maternal diagnosis (SS vs other diagnoses). The multivariable model for non-cardiac NLE included the five www.rheumatology.oxfordjournals.org covariates mentioned above as well as maternal intake of fluorinated steroids and/or IVIG and infant's intake of steroid and/or IVIG. One-sided P-values <0.05 were considered statistically significant. In addition to the standard maximum likelihoodbased fitting of the logistic regression models, the multivariable model was refit using Bayesian inference with informative prior distributions. Considerable statistical uncertainty should be expected when making inferences on the moderately large number of effect sizes in the multivariable model with a dataset as small as this dataset. Informative prior distributions provide a compromise between excluding an explanatory variable (and implicitly assuming it has an effect size of zero) and accepting the loss of statistical power that results from adding further variables to a maximum likelihoodbased logistic regression analysis. Bayesian inference requires the specification of prior distributions for each variable's effect size, which in this case were derived by an NLE expert (co-author E.D.S.) based on published data on this topic (see Cardiac NLE outcome and Noncardiac NLE outcome sections of supplementary data, available at Rheumatology Online). Data analysis was performed using SPSS Statistics Version 21.0 (IBM, Armonk, NY, USA), R Version 3.1.1 (R Foundation for Statistical Computing, Vienna, Austria) and JAGS version 3.14.
Results
Characteristics of the study population
A total of 315 prospectively followed pregnancies were screened ( Fig. 1 ). Forty-seven pregnancies were excluded due to the inability to confirm the maternal diagnosis, antibody status, medication intake, foetal echocardiography screening and/or post-natal ECG or the infant outcome. The study population consisted of children born from 268 pregnancies. The cardiac NLE status was known for all 268 foetuses/infants, with full laboratory data in 216 infants. The 52 children without full laboratory data were classified as having no cardiac NLE involvement but could not be categorized as unaffected and therefore were only included for cardiac NLE analysis. Six of the 268 pregnancies were twin pregnancies. In three twin sets, both twins did not develop NLE; these children were designated as three unaffected children. The remaining three twin sets were classified as NLE: in two sets, one had NLE and one was unaffected while in the other pair, both developed NLE.
Maternal characteristics Table 1 shows the clinical and laboratory characteristics of the maternal cohort. Among the 268 pregnancies, the most frequent maternal diagnoses were SLE [n = 203 (75.7%)] and SS [n = 41 (15.3%)]. Seventy-three women (27.2%) took AMs throughout pregnancy. Women taking AMs were more likely to have a diagnosis of SLE and to be on AZA or non-fluorinated steroids than those not taking AMs. The proportion of mothers with high-titre anti-Ro antibodies was slightly higher in the group of women not taking AMs. The proportion of mothers with high-titre antiLa antibodies and who had a previously affected child with CHB was similar in both groups. The majority of children exposed to AMs were born after the year 2000, a date when the safety of AMs in pregnancy had been well recognized.
FIG. 1 Flow diagram of study participants Infant outcome
Of the 216 pregnancies in which we had full data, NLE developed in 99 (45.8%) infants. Thirteen children developed cardiac NLE and 92 children had at least one non-cardiac NLE manifestation (Table 2) . Haematological abnormalities were the most frequent non-cardiac involvement. Six children developed both cardiac and non-cardiac NLE features.
Effect of in utero AM exposure on the risk of cardiac NLE Among the 73 children exposed prenatally to AMs, only 1 developed cardiac NLE as compared with 12/195 unexposed children. Univariable and multivariable logistic regression models suggested that prenatal exposure to AMs was associated with a decreased risk of cardiac NLE, but results were not statistically significant (Table 3) . Multivariable Bayesian analysis revealed a probability of 98.7% that prenatal AM exposure would be protective against cardiac NLE (OR < 1.0).
Effect of in utero AM exposure on the risk of non-cardiac NLE Among the 216 infants with full NLE status available, 24/ 62 AM-exposed patients developed non-cardiac NLE as compared with 68/154 unexposed patients. Prenatal exposure to AMs was associated with a decreased risk of non-cardiac NLE in univariable and multivariable logistic regression models, but results were not statistically significant (Table 4 ). The probability of obtaining a protective effect (OR < 1.0) for non-cardiac NLE features was 78.6% in the multivariable Bayesian analysis.
Discussion
Cardiac involvement in NLE is a significant cause of morbidity and mortality during pregnancy and in offspring. The results of our prospectively collected cohort of 268 pregnancies of women with an autoimmune disease and anti-Ro and/or anti-La antibodies followed in a single centre with routine pregnancy and post-natal follow-up demonstrated a probability of 98.7% that maternal use of AMs throughout pregnancy was associated with a decreased risk of cardiac NLE in the foetus/infant. Two previous retrospective multicentre studies have suggested that maternal exposure to HCQ is associated with a decreased risk of CHB in the foetus [5, 6] . The first study examined 201 foetuses/infants born to women with SLE and anti-Ro and/or anti-La antibodies [5] . Seven of the 50 children with cardiac NLE were exposed to HCQ, compared with 56 of the 151 controls, leading to an OR of 0.28 (95% CI 0.12, 0.63; P = 0.002). The second study addressed the effect of HCQ exposure on the recurrence rate of cardiac NLE in 257 pregnancies, irrespective of maternal health [6] . The OR for cardiac NLE associated with HCQ use was 0.23 (95% CI 0.06, 0.92; P = 0.04) when accounting for maternal race, the presence of anti-La antibodies and the source of data. Preliminary results of the Preventive Approach to Congenital Heart Block with Hydroxychloroquine study (NCT01379573), a prospective non-randomized trial of maternal use of HCQ throughout the pregnancies of women with anti-Ro and/or anti-La antibodies, suggested that HCQ use was associated with a decrease in the recurrence rate of cardiac NLE [8] .
It has been suggested that a complex formed by antiRo antibodies and Ro antigens can activate macrophages through TLR-7 signalling [9] . This signalling then leads to secretion of pro-fibrotic factors, resulting in cardiac fibrosis, a histopathological hallmark of cardiac NLE [10] . The mechanism through which AMs may confer protection for cardiac NLE might be its effect on TLR-7 activation, as both HCQ and chloroquine have been shown to inhibit TLR-7 stimulation and thereby inhibit macrophage secretion of pro-fibrotic factors [11, 12] . Regarding cutaneous NLE, TLR-7 and TLR-9 have been shown to be involved in the initiation and maintenance of interface dermatitis in lupus-prone New Zealand Black/White F1 mice [13] . As the histopathological pattern in these mice is similar to what is found in cutaneous NLE, we suggest that AMs could exert a protective effect on cutaneous involvement through this mechanism [14] . The rationale underlying a potential protective effect of prenatal AM exposure on the haematological, hepatic and neurological NLE manifestations is not as straightforward. The role played by TLRs in the pathogenesis of these specific disease features has not been characterized and TLRs may not even be part of the pathogenic cascade. Direct antibody-mediated cytotoxicity may be involved in some of these NLE manifestations. Specifically, neutropenia in NLE may be the result of anti-Ro antibodies binding to an antigen on the neutrophil surface membrane that has significant sequence homology to Ro60 [15] . Therefore it is possible that AMs are effective in the prevention of some but not all non-cardiac NLE manifestations and our sample size was too small to study non-cardiac manifestations individually. Another potential cause of non-efficacy in some NLE manifestations may be that sufficient blood levels of AMs are not obtained in neonates and/or the therapeutic blood level declines after birth and therefore the protective effect for non-cardiac NLE is lost during the at-risk period.
Our study is the first study to use Bayesian analysis to explore the effect of AMs on the risk of NLE. One of the main advantages of Bayesian analysis is that it provides an explicit probability statement for the association being studied [16] . The use of prior information allows it to perform better than frequentist statistical methods with small sample sizes, as found in our study and the previous studies on AM use and cardiac NLE [17] . In this study, results of the frequentist analyses for the outcome cardiac NLE were inconclusive due to the small number of events and lack of power. Bayesian inference with informative prior distributions was used to overcome this limitation, specifying a fairly restricted range of probable effect sizes (see Cardiac NLE outcome section of supplementary data, available at Rheumatology Online). Although informative priors ensure results will be sensible even when the dataset in question is small, the results should be expected to be highly sensitive to the choice of prior distributions used. This issue is partly addressed by performing frequentist logistic regression analyses alongside the Bayesian analyses in order to provide a contrast between the subjective Bayesian conclusions and the purely datadriven inferences obtained from maximum likelihood estimation. Although P-values obtained from the frequentist analyses for the outcome cardiac NLE did not show a statistically significant effect, considering the small number of events in the cardiac NLE dataset and the number of covariates fitted in the multivariable logistic regression model, P-values of 0.07 (univariable analysis) and 0.20 (multivariable analysis) may be considered relatively small under these limiting circumstances. In addition, incorporating information obtained from two previous studies with our data, the Bayesian analysis results showed that AM exposure was highly likely to offer protection against cardiac NLE. We believe that these results support the hypothesis that AMs are a plausible candidate for cardiac NLE prevention.
Our study is the first to address the effect of prenatal AM exposure on the risk of non-cardiac NLE features. Results from the logistic regression analyses did not suggest a statistically significant protective effect from AM exposure if the 95% threshold is strictly adhered to, as the 95% credible interval derived from the multivariable Bayesian analysis produced a posterior probability of a protective effect in those exposed to AMs of 78.6%, which seems considerable. A further point to consider is that no past studies have assessed the effect of AM exposure on non-cardiac NLE manifestations such that derivation of the informative prior for the Bayesian model was not based on actual data but was based on an NLE expert opinion (see Non-cardiac NLE outcome section of supplementary data, available at Rheumatology Online). Therefore the informative prior could have been more subjective and results obtained may have been biased accordingly. However, the 95% CIs obtained from the frequentist analyses were narrow enough, therefore we believe that the frequentist results are sufficiently accurate to draw conclusions. Based on those results, we cannot conclude that exposure to AMs significantly decreases the risk of non-cardiac NLE.
Potential limitations need to be acknowledged. Medication adherence was not measured specifically during pregnancy, but mothers were queried about medication intake during routine prenatal rheumatology followup and at the first NLE clinic visit. It is therefore possible that some children categorized as exposed to AMs were not exposed throughout gestation due to maternal nonadherence to therapy. Women not taking AMs had a higher frequency of high-titre anti-Ro antibodies and a diagnosis of SS was more commonly found, which might have put them at a higher baseline risk of having a child with cardiac NLE. This potential bias was accounted for by including these important variables in the multivariable analysis. Women taking AMs were more likely to be taking AZA or non-fluorinated steroids. A confounding effect by these drugs is not likely, as the placenta acts as a relative barrier to AZAs main metabolite and inactivates non-fluorinated steroids [18] . It is possible that the prevalence of non-cardiac NLE (specifically increased liver function tests and neutropenia) might have been overestimated if certain manifestations were not a consequence of NLE but were due to other factors (i.e. infections, medication induced, hemodynamic instability). However, all children were serially examined at $2, 4 and 12 months. Examination ruled out infection, none of the infants were on any medication and the effect of maternal medication would not be present at these ages. Furthermore, the incidence of non-cardiac NLE was similar to our previous study that systematically examined a prospective cohort from a second group from Italy [2] . There are no other systemic prospective studies that have examined infants born to mothers with anti-Ro antibodies to compare. Lastly, the effect of AM exposure on non-cardiac NLE features was analysed as a whole without looking at the effect on each individual manifestation. As suggested in the section on mechanisms of action of AMs and mechanisms leading to NLE, it is possible that AM exposure only alters the risk of certain non-cardiac features and therefore our analysis did not capture the effect on individual features.
The cohort described in this study is unique, as all children born to mothers who had foetal echocardiograms in the greater Toronto area were referred to the NLE clinic and these children were seen regardless of the presence or absence of NLE features or whether there was a family www.rheumatology.oxfordjournals.org history of NLE. Therefore we suggest that the cohort described in this study is an unbiased representative cohort of all foetuses exposed in utero to anti-Ro and/or anti-La antibodies. It is possible that children born to women without a CTD could benefit from prenatal AM exposure, but this specific question would need to be addressed in a prospective study, as children born to these women were excluded from our study as a result of having a very low risk of AM exposure during pregnancy.
In this study of the largest single-centre cohort of children born to anti-Ro and/or anti-La antibodypositive women with a CTD, using Bayesian analysis we have shown that the probability that AM exposure was associated with a decreased risk of cardiac NLE was 98.7%. AM exposure did not significantly decrease the risk of non-cardiac NLE. Due to the small number of events in this study, our findings need to be confirmed in an independent cohort before definite conclusions can be drawn about the efficacy of AMs in preventing NLE. Vasodilation is not the only approach to the management of cutaneous ulceration in systemic sclerosis Digital ulceration (DU) is a major cause of pain, decreased work capacity and increased reliance on other in systemic sclerosis (SSc) [1] . Phosphodiesterase inhibitors and endothelin receptor antagonist therapy have an important role in SSc-DU management [2] . A 49-year-old lady with a 9-year history of diffuse cutaneous SSc presented with recurrent painful DU despite treatment with diltiazem, ramipril and candesartan. The addition of sildenafil, and subsequently bosentan, did not accelerate DU healing or prevent the emergence of new painful DUs (Fig. 1A) . The identification of significant calcinosis cutis (Fig. 1B) led to commencement of minocycline (100 mg bd) which achieved rapid (within 4 months), complete and sustained healing of all active ulceration with no further new cutaneous ulceration (Fig. 1C) . Treatment was complicated by minocycline-induced hyperpigmentation (Fig. 1D) , but the patient did not wish to discontinue treatment. The case highlights the need to consider aetiological drivers of SSc-DU when considering management. Vasodilator therapy forms the mainstay of treatment of ischaemic SSc-DU, but evidence-based strategies for the prevention and management of SSc-DU in which mechanical factors and/or calcinosis cutis contribute to aetiopathogenesis are lacking. Minocycline is a treatment option for calcinosis-related SSc-DU that is often overlooked in recommendations on SSc-DU management. www.rheumatology.oxfordjournals.org
